Transcriptional and translational regulation of the Leri-Weill and Turner syndrome homeobox gene SHOX.
Regulation of gene expression is particularly important for gene dosage-dependent diseases and the phenomenon of clinical heterogeneity frequently associated with these phenotypes. We here report on the combined transcriptional and translational regulatory mechanisms controlling the expression of the Léri-Weill and Turner syndrome gene SHOX. We define an alternative promotor within exon 2 of the SHOX gene by transient transfections of mono- and bicistronic reporter constructs and demonstrate substantial differences in the translation efficiency of the mRNAs transcribed from these alternative promotors by in vitro translation assays and direct mRNA transfections into different cell lines. Although transcripts generated from the intragenic promotor (P2) are translated with high efficiencies, mRNA originating from the upstream promotor (P1) exhibit significant translation inhibitory effects due to seven AUG codons upstream of the main open reading frame (uAUGs). Site-directed mutagenesis of these uAUGs confers full translation efficiency to reporter mRNAs in different cell lines and after injection of Xenopus embryos. In conclusion, our data support a model where functional SHOX protein levels are regulated by a combination of transcriptional and translational control mechanisms.